To understand cardiovascular health in low socioeconomic populations, we analyzed the data from 426 low socioeconomic community-dwelling males and females and 287 homeless males in Philadelphia. Despite higher prevalence of smoking and hypertension, the proportion of homeless participants at increased risk for coronary heart disease was comparable with that of low socioeconomic community-dwelling participants. Among various characteristics, emotional stress was significantly associated with coronary heart disease risk in low socioeconomic communitydwelling participants only, suggestive of a differential psychosocial effect of stress. Our findings suggest that low socioeconomic populations are heterogeneous with respect to their risk factors and needs for interventions.
set 166 per 100,000 as the 2010 goal for age-adjusted mortality from CHD and 45 per 100,000 as the goal for cerebrovascular disease, regardless of sex or race. 10 Better control of modifiable cardiovascular risk factors, such as smoking, obesity, physical inactivity, hypercholesterolemia, hypertension, and hyperglycemia, could substantially contribute to the achievement of these goals. To effectively implement preventive public health interventions so as to reduce disparities in cardiovascular health, it is essential to understand cardiovascular health status in low socioeconomic state (SES) populations. Nevertheless, the data on modifiable cardiovascular risk factors in various low SES populations are limited. It is also important to identify the characteristics associated with increased CHD risk across different subgroups of low SES populations such as those residing in the community and those in homeless shelters.
In this article, we have used data obtained from community outreach programs for low SES populations in Philadelphia to examine the prevalence of modifiable cardiovascular risk factors among people in low SES communities and homeless shelters. We have also examined the potential association of socioeconomic and behavioral characteristics with CHD risk. Finally, we have assessed the effectiveness of blood pressure, cholesterol, and glucose control in this population.
METHODS

Study population
Between May 2002 and November 2004, the Thomas Jefferson University Office to Advance Population Health conducted cardiovascular disease screenings as part of a low SES community outreach program at 19 community sites in Philadelphia, PA. To target low SES populations, the screening sites were selected from a variety of community sites, including churches, senior centers, low-income housing, and homeless shelters. The study sample included people living in the community and people in homeless shelters. Trained nurses, medical students, and research assistants carried out a survey that collected data on sociodemographic, behavioral, and clinical characteristics. In addition, blood pressure, glucose, and cholesterol levels were measured. When the results were abnormal and required appropriate management, education was provided from a health educator at the screening site and one of the following actions was taken according to the state community screening guidelines: (1) informing the subject's primary care physician; (2) referral to the city health centers; or (3) finding a free primary care practice run by the Department of Family Medicine in our institution. The study was approved by the institutional review board of Thomas Jefferson University.
Measurements of characteristics and modifiable cardiovascular risk factors
Self-reported data were collected on age, sex, race, health insurance status, whether a subject had a primary physician, current smoking, secondhand smoking, regular exercise, emotional stress, history of diabetes, myocardial infarction, or stroke, and the use of lipid-lowering or antihypertensive medications. Regular exercise was defined as exercising at least 3 times a week for 30 minutes or more every time. Presence of emotional stress was assessed using the following question: "Do you often feel frustrated, impatient, tense, irritable, or pressed for time?" Systolic blood pressure (SBP) and diastolic blood pressure (DBP) were obtained as the average of 3 time measurements. Random plasma glucose level, nonfasting total cholesterol, and highdensity lipoprotein (HDL) cholesterol level were also measured. Finally, for community participants, their neighborhood's median income was defined as the median income of the zip code of their residence obtained through linkage with the US census data.
We considered 5 modifiable cardiovascular risk factors: current smoking, physical inactivity, hypercholesterolemia, diabetes, and hypertension. Physical inactivity was defined as exercising less than 3 times a week on the basis of self-report. Hypercholesterolemia was defined either as having total cholesterol of 240 mg/dL or higher or if the participant reported being on lipid-lowering medications. Diabetes was defined either as having a random plasma glucose of 200 mg/dL or higher or if reported by the participant. Finally, hypertension was defined as either having SBP of 140 mm Hg or higher or DBP of 90 mm Hg or higher or if the participant reported taking antihypertensive medications. The prevalence of these 5 modifiable risk factors was compared between community-dwelling participants and homeless participants and between the study sample and the representative general population sample obtained from the Philadelphia Health Management Corporation's 2004 Southeastern Pennsylvania (SEPA) Household Health Survey, a telephone survey of more than 10,000 households that examined the health and social well-being of residents in Bucks, Chester, Delaware, Montgomery, and Philadelphia counties. 11 For the study participants who did not have previous myocardial infarction or stroke, 10year CHD risk was estimated using the Framingham CHD risk prediction equation (see Appendix). 12 We used random plasma glucose instead of fasting plasma glucose to calculate the 10-year CHD risk. Increased 10year CHD risk was defined as higher than the corresponding average age-and sex-specific risks reported in the Framingham Heart Study (see the Appendix).
Statistical analyses
The prevalence of individual modifiable risk factors among community participants, homeless participants, and the general population sample of the 2004 SEPA Household Health Survey 11 was compared using multinomial logistic regression that adjusted for age. Increased 10-year CHD risk among study participants without a prior myocardial infarction or stroke was modeled as a function of sociodemographic, behavioral, and clinical characteristics using logistic regression. Separate models were built for low SES community and homeless participants because of their substantially different age and sex distributions. The model for community participants included age, race, sex, neighborhood income level (in quartiles), health insurance, primary physician, secondhand smoking, regular exercise, and emotional stress. The model for homeless participants included the same variables, except for sex and neighborhood income level, because all homeless participants were men and neighborhood income level was not applicable to them. Finally, the effectiveness of blood pressure, cholesterol, and glucose control was evaluated by examining blood pressure levels among those on antihypertensive medications, cholesterol levels among those on lipid-lowering medications, and glucose levels among those with selfreported diabetes. All analyses were carried out in Stata 8.2 (StataCorp, College Station, Tex). 13 
RESULTS
Of a total of 971 adult participants of this screening program, 258 were excluded from the analysis owing to missing information on key variables, such as blood pressure or cholesterol. Therefore, this report is based on the data from the remaining 713 participants. These included 426 participants living in low SES communities and 287 participants living in homeless shelters. The excluded group had a higher proportion of females, Whites, or Asians, participants living in the community and in lower-income neighborhoods, nonsmokers, and persons with generally lower random plasma glucose levels than those included in the analysis. Table 1 summarizes the sociodemographic, behavioral, and clinical characteristics in participants living in low SES communities and those living in homeless shelters. Homeless participants were younger, more likely to be Black, current smokers, under emotional stress, less likely to have health insurance or a primary physician, and suffer from diabetes, stroke, hypercholesterolemia, and hypertension than low SES community participants. Surprisingly, the majority of low SES community participants were reported to have both health insurance and a primary physician. Figure 1 shows the distribution of the number of modifiable risk factors in the low SES community and homeless participants and in the general population sample of the 2004 SEPA Household Health Survey. 11 After adjusting for age, the number of risk factors in homeless participants was higher than that in the general male population (P < 0.001). No statistically significant difference was observed between low SES community male and homeless male participants (P = 0.683) or between low SES community participants and the general population (P = 0.447 for males, P = 0.822 for females). Figure 2 shows the prevalence of each of the 5 modifiable risk factors in the study sample and in the general population. After age adjustment, homeless participants had significantly higher prevalence of current smoking and hypertension than low SES community male participants (P < 0.001 for both). Current smoking was more prevalent in homeless males (P < 0.001), hypertension was more prevalent in both low SES community males (P = 0.011) and homeless males (P = 0.002), and hypercholesterolemia was less prevalent in homeless males (P < 0.001) than the general male population. In addition, current smoking was less prevalent in the low SES community females (P = 0.002) whereas hypercholesterolemia was more prevalent in the low SES community females (P = 0.047) than the general female population.
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Ten-year CHD risk was estimated using the Framingham risk prediction equation among a total of 372 participants without a selfreported previous myocardial infarction or stroke. The proportion of participants at increased 10-year CHD risk was 22% in the low SES community participants and 34% in homeless participants. When sociodemographic and behavioral characteristics were controlled for, the proportion of homeless participants at increased risk for CHD was comparable with that of low SES communitydwelling participants (results not shown). Table 2 presents the results of the multiple logistic regression analyses that investigated characteristics potentially associated with increased 10-year CHD risk. Among the low SES community participants, a tendency of an inverse relationship existed between neighborhood income level and increased 10year CHD risk, although this was not significant (P for trend = 0.279). In addition, emotional stress was significantly associated with increased CHD risk in the low SES community participants (P < 0.001) but not in homeless participants (P = 0.631). Table 3 shows the blood pressure, cholesterol, and glucose control rates in the study population. Among those who reported taking antihypertensive medications, 47% of low SES community participants and 50% of homeless participants had SBP higher than 140 mm Hg or DBP higher than 90 mm Hg. Few participants reported taking lipid-lowering medications. Among those with self-reported diabetes, 24% of low SES community participants and 38% of homeless participants had random plasma glucose level higher than 200 mg/dL.
DISCUSSION
In our study, we found that the number of modifiable risk factors in homeless participants was greater than that in a representative general population sample, mostly owing to higher prevalence of smoking and hypertension among homeless participants. In addition, smoking and hypertension were more prevalent among homeless participants than among low SES community participants, whereas hypercholesterolemia was more prevalent among low SES community participants than homeless participants. Among those who did not have myocardial infarction or stroke in the past, the proportion of those at increased risk for CHD was comparable between homeless and low SES community participants. Therefore, preventive public health interventions should be targeted at smoking cessation and blood pressure control in homeless populations and hypercholesterolemia in low SES community populations. Considering the fact that all homeless individuals in Philadelphia can access medical care through the city health centers, these findings also raise further questions about whether there are additional barriers to Study participants living in lower-income neighborhoods tended to have an increased 10-year CHD risk, although the trend was not significant. The relationship and potential pathways between the environment and cardiovascular disease have been studied. The physical environment (including accessibility to recreational resources, transportation, sidewalks, bike lanes, street connectivity, aesthetic quality, availability and relative cost of healthy foods, availability of tobacco, noise, and air pollution) has been shown to affect people's psychosocial factors, health-related behaviors, and biologic responses such as inflammation, endothelial function, and autonomic function. 14 The social environment (including safety and violence, social support, and social norms) can also affect multiple psychosocial factors and health-related behaviors. 14 As such, these environmental fac-tors can influence cardiovascular risk factors. The influence of neighborhood characteristics on cardiovascular mortality is also supported by several studies demonstrating that inverse relationship between neighborhood SES and cardiovascular risk persisted even after adjustment for individual SES. [15] [16] [17] [18] Having health insurance was associated with increased CHD risk in both low SES community and homeless participants. This suggests that individuals who are at increased CHD risk as a result of multiple risk factors try to get health insurance in order to use medical services. We also found that the association of emotional stress with CHD risk may differ between low SES community participants and homeless participants. Psychosocial factors such as depression, anxiety, hostility, and anger have been linked to CHD risk factors and CHD events in various studies. [19] [20] [21] The association of psychosocial factors with CHD may be mediated by health-related 276 FAMILY & COMMUNITY HEALTH/OCTOBER-DECEMBER 2008 behaviors, such as diet, alcohol consumption, exercise, and smoking, and their direct biologic effects on the autonomic nervous system and hypothalamic-pituitary-adrenal axis. 19, 22 In our study, emotional stress was associated with CHD risk estimated by traditional cardiovascular risk factors among low SES community participants only. This suggests that homeless participants and low SES community participants might have a different threshold for stress or the single self-reported item used in the questionnaire might have a different meaning in the 2 different populations.
A sizeable proportion of the study participants did not appear to have reached the optimal goals for blood pressure and glucose control, although they were receiving medical treatment. Blood pressure control rates in our study were 39% and 37% among Blacks and Whites, respectively, and these are lower than the 49% and 60% rates seen in a nationally representative sample. 3 These figures also fall short of the goal of 50% specified in Healthy People 2010. 9 Among participants with self-reported diabetes, a quarter to a third had a random glucose level of 200 mg/dL or higher. However, random glucose level is not a good measure of glycemic control in persons with diabetes and is no longer recommended. 23 Unfortunately, our study lacked measurements of hemoglobin A 1c , the recommended glucose control index; hence, our conclusions regarding glucose control rates should be interpreted tentatively. Nevertheless, our results are consistent with a study of a homeless population that reported that approximately half of the homeless people with diabetes had inadequate glucose control. 24 Therefore, the next step in addressing health disparities in this population should be to assess barriers to receiving proper care, especially with emphasis on those in homeless shelters.
There are several limitations to this study. First, although the community outreach program visited several community sites to target various low SES populations, it did not have predefined criteria for low SES populations or a prespecified target catchment area. The proportion of low SES community participants who had health insurance was higher than that of the US population, 25 which suggests a possibility of self-selection. Therefore, the prevalence of modifiable risk factors measured in this low SES community population may not represent the true prevalence in underserved low SES populations in Philadelphia. In fact, the prevalence could have been overestimated by attract-ing more symptomatic subjects who were seeking treatments. In addition, there was a substantial fraction of missing data on key variables, which resulted in the exclusion of more than a quarter of the screening program participants from these analyses. This difference might also limit generalizability of our findings.
A second limitation concerns the measurement of variables and its possible impact on the validity of our results. Although more than 85% of low SES community participants and 60% of homeless participants reported that they had a primary care physician at the time of the survey, it cannot be excluded that they might have regarded one of the investigators in our community outreach program as their primary care physician. With regard to key variables associated with CHD risk, the information on a number of risk factors for CHD, such as education, personal income, body weight, height, and triglyceride levels, was not available. Furthermore, a number of study variables (eg, smoking, exercise) were 278 FAMILY & COMMUNITY HEALTH/OCTOBER-DECEMBER 2008 assessed via unverified self-reports and probably involved a certain degree of misclassification. The prevalence of diabetes and hypercholesterolemia might have been overestimated, because the determination was based on single measurements of random plasma glucose and nonfasting total cholesterol levels. This also might have overestimated 10year CHD risk, because the Framingham risk prediction equation uses fasting plasma glucose and total cholesterol levels.
These limitations notwithstanding, however, our study contributes to the previous literature by showing that the prevalence of modifiable cardiovascular risk factors was dif-ferent and the proportion of those at increased CHD risk was comparable between low SES community and homeless participants. The observed differential association of emotional stress with CHD risk in different low SES populations warrants further research. These findings suggest that low SES populations are heterogeneous with respect to their risk factors and needs for interventions. Understanding different low SES populations and identifying characteristics associated with CHD risk are crucial in order to achieve the national objective of eliminating health disparities stated in Healthy People 2010. 9 
